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INTRODUCTION 
In presenting this report, due regard has been paid to 
the work done on fishing/flow requirements by Millichamp and 
Lambert of the Usk River Authority and Howelis of the South 
West Wales River Authority, They must be congratulated on 
the development of a technique which has not been without 
merit. 
According to Annual Reports and figures given, Millichamp 
and Lambert have been fortunate in sampling 95% of salmon 
caught by rod and line between 1965 and 1967• Howells has 
investigated 100% of the rod caught fish for 1959? 19&2 and 
1964 to 1967. 
I have not been so fortunate in analysing such a large 
percentage, only 10% of rod caught fish coming under review 
for the years 1956 to 1967 The endeavours of Millichamp,, 
Lambert and Howells have been handicapped by not having any 
information on the upstream migration of salmon in their 
rivers. In this respect I have been more fortunate as I have 
been able to consider fish movement in rivers in relation to 
fishing. 
The common use of the expression "M.A.F." (minimum 
acceptable flow) in relation to river flows, logically 
involves the assumption that there is a flow, not only 
sufficient to allow fish to move upstream, and indeed down 
stream', in a river, but also to allow their capture by 
anglers. This concept can only be valid if regard is given 
to any changing circumstances involving population dynamics, 
river flow frequencies and, more important, the seasonal 
fluctuations which affect all rivers. 
_1_ 
Three parameters are involved: 
(1) Developing activity or occurrence from zero to 16% 
(2) Increasing activity or occurrence from 16$ to 
(3) Declining activity or occurrence from 50$ up to 
(S.D. = Standard Deviation) 
The assumptions that follow wi l l take into account these 
percentages. 
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Basically, the problem is one of deciding the river flow 
which will meet the requirements of the water engineer in his 
endeavour to secure water for the public and industry 
demands of fish populations, and the needs of anglers 
; the 
Statistical treatment of data has been aided by the 
development of "probit analysis", a method which has the 
advantage of reducing a mass of figures to simple terms. 
assumptions made in this report have taken into account 
Ideally, coverage should be given from zero to 100$. 
importance of these variables' 
Between 16% and 84% of any frequency, security will be given 
to two thirds of.all events and will secure safeguards for 
flow frequencies, population parameters and fish, catches, 
A 50% mean will develop between 16% and 84% and this 
will be a guide to the deviations which will occur in nature. 
In the report, the following symbols will be useds 
RIVER FLOW REQUIREMENTS FOR SALMON FISHING 
In an endeavour to cover all responses, the fishing flow 
requirements in rivers have been investigated. The tables 
and nprobits'r which follow will demonstrate the seasonal water 
requirement in cu.secs which will give security to the salmon 
angler in the Rivers Lune and Leven. Their seasonal require-
ment is from February to Octobers the open fishing season for 
game fish. 
In the reports on the Water Requirements of Salmon in 
the Rivers Lune and Leven (pp. 12 and 13) I calculated 
(before I had any information on anglers catches) that their 
requirements near to tidal water would probably be secured by 
the upper standard deviation from the "mean" flow (+S.D.). 
The +S.D. cu.sec flow requirement for the River Lune was 
estimated at 1,430 cu.secs, and 670 cu.secs for the River 
Leven, The information in this report demonstrates that the 
assumptions were too high, although they were not completely 
devoid of realism. The Rivers Lune and Leven have average 
daily flows of 1,412 and 490 cu.secs respectively, and 
seasonal fishing average flows of 1,020 and 380 cu,.secs. 
The seasonal daily flow of 1,090 cu.secs (February to 
October) is available on the River Lune for 32.2% of the time, 
and on the River Leven a flow of 380 cu.secs is available for 
a like period. 
On the River Lune, for fish movement (not angling) the 
+S.D, (1430 cu.secs) is available for 20.6% of the time or 
for 40 days out of 214 (April to October). 
Likewise on the River 
Leven, 670 cu.secs is available for 65 days or 30.3% of the 
time. 
It is known that fish are caught by anglers in these 
rivers at flows much lower than the 1,430 and 670 cu.sec, 
flows, and likewise it is known, from electronic monitoring 
of fish in these two rivers, that they move at flows lower 
than the above-mentioned. Conversely, fish will he caught 
at flows higher than 1,430 and 670 cu.secs, which are not 
necessarily "spate".flows. Spate flows will he contingent 
upon heavy rainfall, a time at which fish will usually be 
caught by anglers in the eddies and backwaters of rivers 
well away from the main stream, and in my initial report I 
indicated that fish in a river are sensitive to velocity 
changes. Also in that report, I indicated that salmon 
preferred to move in velocities of 1.92 to 2.68 feet per 
second. These velocities apply in the Lune and Leven when 
the flows are between 300 and 76O cu.secs (page 11 para-
graph 4). 
The majority of fish caught by anglers are taken at 
flows between 500 and 1,400 cu»secs. These are the flows, 
found by electronic monitoring, to be those at which fish 
activity is greatest. 
It is, therefore, essential to find a mean flow, but 
the exercise is not an easy one to carry out for there are 
three types of salmon angler, all with different degrees of 
efficiency and technique, and these ares 
(1) The person who resides beside the river and who 
has access to his own stretch of private water and who, 
taking advantage of his personal experience, knows when 
conditions are favourable for fish to be caught. 
(2) Individual members of large angling associations 
who, in the main, comprise local inhabitants residing 
within a few miles of a river and a few country members 
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and visitors, who will await a message from the bailiff 
that the river is "right" for catching fish. 
(3) Visiting anglers who fish water in the ownership 
of hotels and who are of varying angling ability and 
who, in the main, fish no matter what river conditions 
prevail. 
If an examination of fish catches gave results showing 
that fish are caught consistently by all three groups, then 
it would be logical to assume that there is an optimum flow 
for catching fish. 
In connection with the fishing optimum flow, "kill", 
"fishing effort''1 and "types of lures" all play a part. Skill 
cannot be assessed but lures can, and the table on page 6 
demonstrates the effectiveness of some and shows that fly 
fishing and spinning will catch the higher percentage of 
fish and that all the other lures are likely to "catch the 
angler". Fishing effort is a factor which is of little con-
sequence in the fixing of a water flow requirement for 
fishing. 
Pishing records are subject to many variables but the 
records from the Lune are those that have been accurately 
kept over a period of years and, as such, can be accepted as 
a true record. I am indebted to the following for their 
assistances 
(l) Mrs. M. Barton of Claughton Manor, Claughton, 
near Lancaster, for supplying me with records of the 
fish she has caught on her length of river extending 
over a distance of one and a half miles. The fishery 
is seven miles from tidal water. 
_ 5 „ 
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(2) The President.of the Lancaster Angling Association, 
Colonel JoAo Black, whose Association owns five miles of 
water commencing two miles above the tidal limit of the 
River Lune. This Association has a membership of 180 
and caters for visitors but debars all persons other than 
members from fishing at weekends0 
. (3) Colonel A0G0C. Langford, late of the Castle Hotel, 
Hornby, near Lancaster, who owned the famous Claughton 
beat on the River Lune, eight and a half miles from tidal 
water. His fishable vrater was two and a half miles in 
length. 
It can be seen that the records now produced in detail come from 
persons within each of the categories previously mentioned. 
The years under review are as follows? 
RIVER LUBE 
WATER REQUIREMENTS FOR SALMON FISHING 
COLONEL A.G.C. LANGFORD'S FISHING RECORDS 
FEBRUARY to OCTOBER 1956 

RIVER LIME 
WATER REQUIREMENTS FOR SALMON FISHING 
COLONEL A.G.C. LANGFORD'S FISHING RECORDS 
FEBRUARY to OCTOBER 1957 

RIVER LUNE 
WATER REQUIREMENTS FOR SALMON FISHING 
COLONEL A.G.C LANGFORD'S FISHING RECORDS 
FEBRUARY to OCTOBER 1958 

RIVER LUNE 
WATER REQUIREMENTS FOR SALMON FISHING 
COLONEL A,G.C..LANGFORD'S FISHING RECORDS 
FEBRUARY to. OCTOBER 1959, 

RIVER LUNE 
WATER REQUIREMENTS FOR SALMON" FISHING 
COLONEL A.G.C. LANGFQRD'S FISHING RECORDS 
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FEBRUARY t o OCTOBER 196O 

RIVER LUNE 
WATER REQUIREMENTS FOR SALMON FISHING 
COLONEL A.G.C LANGFORD'S FISHING RECORDS 
FEBRUARY to OCTOBER 1961 

RIVER LUNE 
WATER REQUIREMENTS FOR SALMON FISHING 
COLONEL J.A. BLACK'S FISHING RECORDS 
FEBRUARY to OCTOBER, 1966 

RIVER um 
WATER REQjJIREiflMTS FOR SALMON FISHING 
COLONEL J . A . BLACK'S FISHIN3 RECORDS 
FEBRUARY t o OCTOBER 1967 

RIVER LUNE 
WATER REQUIREMENTS FOR SALMON FISHING 
MBS. M. BARTON'S FISHING RECORDS 
FEBRUARY, to OCTOBER 1963-1 96J 

RIVER LUNB 
WATER REQUIREMENTS FOR SALMON FISHING 
COLONEL A.G.C. LANGFORD'S FISHING RECORDS 
FEBRUARY, to .OCTOBER; 
1956 - 1961 
RIVER LUNE 
WATER REQUIREMENTS FOR SALMON FISHING 
COLONEL J. A. BLACK'S FISHING RECORDS 
FEBRUARY to OCTOBER 
1966 and 1967 
RIVER, LUNE 
WATER REQUIREMENTS FOR SALMON FISHING 
FISHING RECORDS OF 
COLONEL A,G.C, LANGFORD FEBRUARY TO OCTOBER 1956-1961 
COLONEL J.A. BLACK - FEBRUARY to OCTOBER 1966-1967 
MRS. M. BARTON - FEBRUARY to OCTOBER 1963-1966 

The +S.D. fish per flow day for the River Lune is shown to be 
3,750 cu.secs, and the occurrence of flows at and above this figure 
are only available for 4.6% of he time. If this flow were 
accepted as a true requirement, for anglers in the catching of their 
fish, they would have little or no "time" in which to catch them. 
Similarly, the "mean" flow of 1,900 cu.secs and flows above this 
figure are available for only 1 4 . 8 % t h e time, and the flow for 
the -S.D. of 950 cu.secs is available for 38.7% of the fishing 
season. I suggest that the more realistic method of analysis is 
the fish v flow concept. 
Comparing the fish v flow method of analysis for the River ) 
Lune, the +S.B. of 2,000 cu.secs and flows above are available / 
during the fishing season for 13.7% of the time as opposed to 
4.6%(fish per flow day). 
The mean flow of 1,090 cu.secs and flows above are available 
for 32.2% as opposed to 14.%, whilst the -S.D. flow of 550 
cu.secs and flows above are present for 57«6% of the time against 
38.7% 
In the light of these differing flow frequencies, based on | 
natural availability, it would be illogical for the Lancashire 
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concept is misleading; it should not be accepted as a true measure 
of what flow is required for angling. If in future fishing flow 
requirements are determined by this method, then it will be almost 
impossible for any reasonable quantity of water to be taken from a 
river during the fishing season. 
3"fish per flow day" the figures will forcibly demonstrate that the 
Perusal of the probits and tables from 
angling records for the various years shows 
and the +S.D. obtained from the two methods careful study of 
the mean •S.D„ 
m' 
River Authority to adopt the fish per flow day method of assess-
ment for this would give an increased fishing requirement of: 
This fish per flow day method includes the number of flow 
days during the fishing season when fish are not in the river to 
be caught. This cojent factor must not be overlooked, for the 
total stock is not in a river for 100%of the fishing season. 
In the River Lune fish are active and present for only 
the fishing season and for 58*1$ in "fckQ River Leven. 
Millichamp and Lambert in- their paper may 
point to some extent, for in their report 
[inimum Acceptable Flow, once fixed, will 
s fishing season as a whole, i.e. 15th 
>er, was considered in the investigation 
iwn into seasonal or monthly divisions." 
have appreciated this 
they say, "(a) Since M 
apply permanently, the 
February to 15th Octob 
without breaking it do 
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Prom this table it can be seen that by using method 1 the 
requirement is well below the requirement for fishing obtained 
by method 2. The tables and probits for. the River Luna show a 
mean flow difference of 810 cu.secs or 435 m.g.ds a not incon-
siderable anount of water when considered in relation to water 
conservation and water supply. 
The flows itemised below show the preferences of fish when 
migrating upstream in the River Lune near tidal water. 
REALISM IN FISHING PLOW DETERMINATION 
I have demonstrated in the foregoing pages that to adopt the 
fish per flow day formula for fishing in the River Lune would give 
the Lune angler an extremely high flow requirement that is not 
really necessary. 
In the River Lune, at 3,750 cu.secs, there is no fish activity. 
In the River Leven, a much smaller river (about 100 feet wide as 
opposed to 300 feet), activity ceases at 2,000 cu.secs. At these 
flows, velocity tolerances preclude good fishing and also fish 
activity, and it may be that water velocity is of greater signi-
ficance than flow, and further investigations are proceeding. 
MiHichamp and Lambert have analysed their fishing flow 
requirements for the River Usfc on a fish per flow day basis and 
then adopted a "modal flow" value instead of a "mean flow" for i 
their determinations. Biological Assays have, for a number of j 
years, been assessed on mean values (Trevan, 1927s "The Errors i! 
in a Determination" Proceedings of the Royal Society, B101, { 
483-514). 
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dangerous to adopt the modal flow principle as a basis for 
calculating a fish catching requirement. It is an unsound 

COLONEL A.G.C. LANGFORD'S FISHING RECORDS 1956-1961 (A) 
y 
/ 
It can be seen that the modal value of a determination gives 
a varying percentage of angling security. For this reason it must 
not be used as standard practice in determining fishing flows. 
The figures below, obtained from the records of Millichamp, 
Lambert and Howells for a fishing requirement in the Rivers Usk 
and Towy, illustrate a largo difference between the modal and mean 
flow requirementss 
FISH PER FLO?/ M Y METHOD 
The above requirements are still too high because they are 
all based upon the fish per flow day catch extending over the 
whole season. Overleaf will be found records for the Rivers Usk 
and Towy that I have analysed by the two methods, i.e. fish v flow 
and fish per flow day 
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RIVER USE SALMON CATCH/FLOW BJIiLATIOHSHIP 
COMBUSTING THREE Y E A R S RESULTS; 1965-1967 (Millichamp and Lambert) 
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necessity of using proven methods of analysis and the importance of 
examining the fish/flow relationship in the narrowest limits of the 
flow ranges. 

CONCLUSIONS 
Whilst suggesting the above fishing flows, it must be realised 
that they will be unattainable for quite a large portion of the 
fishing season. Fish can, of course, be caught in reasonable 
quantities below the "mean" flow, in fact-, from 400 cu.secs 
onwards. Separate fishing flow requirements, however, must be 
determined in the rivers at various locations % rivers widen and 
flows increase in volume from source to mouth, and this affects 
a fishing requirement. 
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0V 
The table below shows hydrological data for four rivers of 
different widths 8 
It is quite logical to claim that a river 300 feet in width 
requires a greater flow than rivers of 100-120 feet. Likewise, 
Rivers with the same width and rainfall will, in most cases, have 
the same flow requirements. . 
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The seasons as well as flows influence the upstream movement 
of fish populationss river flow frequencies in Spring are 
different from the Summer and Autumn flows, and the catching of 
fish will vary at these times. The catching of gravid fish during 
September and October considerably affects monthly catch ratios., 
for on some rivers such fish are more readily caught. 
In this report, the catch data for the River Lune has been 
analysed on an annual basis and, as such, it must be considered 
incompleteo A more valid assessment for the rivers in the 
Lancashire River Authority area is necessary, and the next stage 
will be to examine fish catches at different times of physiological 
change, taking closely into account the monthly catches as opposed 
to a series of annual figures. 
I would suggest that the Authority might care to accept the 
present recommendations as being those of value in planning for 
water resources. Such flows as are now recommended could easily 
be modified should it be found, from further investigation into 
monthly fish catches, that a lesser requirement would suffice. 
decrease in catches at or about this level 
Different fish populations e 
River Lune Leven 
